ABSTRACT
This review focuses on the vascular pathogenesis of Chagas' disease, the cardiomyopathy caused by infection with the parasitic protozoa Trypanosoma cruzi. Recent studies strongly suggests that T. cruzi infection is linked to functional changes in the activity of two potent vasoative peptidergic mediators, endothelin-1, a vasoconstrictor, and kinins, a group of vasodilator and pro-inflammatory peptides related to bradykinin. Understanding the molecular mechanisms underlying disturbances of vascular homoeostasis?
induced by T. cruzi may provide opportunities for therapeutic intervention and amelioration of heart pathology.
INTRODUCTION
Chagas' disease is an important cause of acute myocarditis and chronic cardiomyopathy in endemic areas of Mexico, Central and South America. In recent years there has been a large influx of immigrants from these countries into non-endemic areas of North America and Europe. Some of these immigrants may have chronic Chagas' disease. In addition, Chagas' disease has now emerged as an important opportunistic infection in the setting of HIV/AIDS.
Recent observations underscore an overlooked aspect of the pathology and pathogenesis of chagasic cardiomyopathy: the role of the vasculature. Descriptions of microcirculatory abnormalities and altered patterns of extracellular matrix deposition in the myocardium of patients with chronic chagasic cardiomyopathy (1-3) have renewed interest in investigating the role of vascular dysfunction in the heart disease (1-6) (Figures 1 & 2) . Evidence of reduced coronary blood flow in Chagas' disease derived from studies in experimental models (3, 6) and in human Chagas' disease (7, 65) . In addition, there is an intense vasculitis of the microvasculature of the coronary artery system, the endocardial endothelium as well as conduit vessels in infected mice (8, 9) . It has been difficult to assess the relationship between vascular lesions and the presence of residual myocardial parasitism in chronically infected patients or experimental animals, because intracellular amastigotes are not usually detected. However, amastigotes have been observed in endothelial cells lining the coronary microcirculation (14) . The vasculitis is also found in other organs, such as the liver, indicating that T. cruzi-induced vasculopathy is not limited to the heart. Infected endothelial cells exhibit perturbations in the host-cell signal transduction pathways that may be responsible for microvascular dysfunction (10, 11) . T. cruziinfection of cultured endothelial cells resulted in the activation of the NF-κB pathway, which stimulates synthesis of proinflammatory cytokines and surface expression of vascular adhesion molecules (12) . In addition, T. cruzi-infection of endothelial cells caused increased synthesis of the vasoactive peptide, endothelin-1 (ET-1) and activation of components of the mitogen activated protein kinase pathway (Tanowitz et al, unpublished observations) . These and other infectionassociated perturbations in endothelial-cell signal transduction mechanisms may contribute to focal pathology, including the coronary microvascular spasm.
Focusing on the early vascular changes elicited by infection, Scharfstein's group recently demonstrated that T. cruzi trypomastigotes, but not the non-infective forms (epimastigotes), stimulate edematogenic inflammation at early stages of infection in mice (13) . Analysis of the temporal course of the vascular reaction indicated that it depends on sequential activation of B2 (constitutive) and B1 (inducible) kinin receptors. As the infection progresses, other evidences for vascular dysfunction emerged in studies of mouse, rat and hamster models. For example, Factor et al (1) and Tanowitz et al (3) observed that T. cruzi infection of mice caused segmental microvascular spasm and microaneurysm formation as well as reduced red blood cell velocity in vascular beds.
Platelet thrombi were found in the coronary microvasculature of acutely -infected mice (14) . In other experiments increased platelet aggregation and elevated plasma levels of thromboxane A 2 were observed (14) . Thromboxane A 2 promotes vasospasm as well as platelet aggregation. Notably, increased platelet adherence was observed in T. cruzi infected cultured endothelial cells. Therefore, elevated levels of plasma thromboxane A 2 may contribute to the pathogenesis of chagasic heart disease.
Evidence for the involvement of the microvasculature in the pathogenesis of chagasic heart disease was also reported by studies with the calcium channel blocker, verapamil (15) (16) (17) . This drug is known to increase coronary blood flow and inhibit platelet aggregation. Verapamil was administered to T. cruziinfected CD1 mice for 120 days beginning from the first day of infection. When the myocardium was evaluated at 120 -150 days post infection, there was a reduction in chronic myocardial inflammation and fibrosis. Echocardiography of infected untreated mice revealed severe myocardial dysfunction, which was not observed in infected, verapamil treated mice. However, when verapamil was administered from day 60 of infection there was no amelioration of pathology or function suggesting that the action of verapamil is optimal only when administered in the early stage of acute infection (unpublished). Although not excluding other physiological effects, these data also suggest that verapamil acts on vasculature. This idea was underscored by the observation that infection caused a reduction in blood flow in small arterioles and venules of the cremaster muscle of the male mouse that was reversed by the administration of verapamil. Moreover, in vitro studies have demonstrated that verapamil acts on vascular smooth muscle cells to diminish the effects of the vasoconstrictor, ET-1 (18) .
Vasculitis of the microvasculature has been described in the acute dog model (19, 20) and it has been suggested that the heart microangiopathy observed in early stages of infection (6) may regress as the disease enters the asymptomatic phase (20) . However, it is also possible that the recovery of endothelial function at a later time may help to maintain the self-limited cycles of focal inflammatory changes that characterizes the indeterminate phase (21). Todorov et al. (13) have recently suggested that in the indeterminate stage, the presence of small numbers of parasites in the mildly inflamed cardiac tissues may induce low level release of kinin peptides (see below). The authors proposed that the vasodilating responses which kinins convey through their vascular receptors may lessen the myocardium from the detrimental effects of ischemia (22) , while increasing parasite infectivity for cardiovascular cells due to activation of kinin-receptors (23) . More recently, bradykinin did not reverse the infection-associated decrease in coronary blood flow in a rat model of T. cruzi infection (24) suggesting that either kinin receptor function is impaired or that such maneuvers are ineffective, once the damage is established.
ROLE OF KININ RECEPTORS AND KININASES IN CARDIOVASCULAR DISEASE AND INFECTION
Bradykinin (9 amino acid) and lysyl-bradykinin (10 amino acid) are potent vasoactive peptides that dilate vessels and increase vascular permeability. Thus they have been traditionally viewed as mediators of inflammation, pain, and hyperalgesia. It is now well accepted that these peptides significantly contribute to the homeostasis of the microcirculation (25) . Recent studies have suggested a cardioprotective role for kinins in animal models of ischemia-reperfusion (22) . These observations form the basis for the clinical benefits observed with inhibitors of the angiotensin-converting enzyme (ACE) in the treatment of myocardial infarction (26, 27) .
The biological effects of kinin peptides are exerted by two subtypes of G-protein coupled kinin receptors (B1 and B2). These receptors can be distinguished on the basis of DNA sequence, pharmacological specificity and tissue distribution. The kinin B2 receptors are constitutively expressed on many cell types such as endothelial cells and smooth muscle cells, and are responsible for most of the physiological effects of kinins in the heart (28, 29) . However, B1 receptor expression is upregulated by pro-inflammatory cytokines and likely accounts for some of the pathophysiological effects of kinins, particularly those induced during chronic inflammation (30) .
The B2 receptor agonists are bradykinin and lysyl-bradykinin, the excision products derived from an internal segment of high and low molecular weight kininogens (25) , by the action of plasma or tissue kallikrein, respectively. Owing to the presence of kinindegrading peptidases in the tissues ( eg. ACE/Kininase II), these short-lived vasoactive kinin peptides must rapidly bind to high-affinity B2 receptors displayed by adjacent endothelial cells/smooth muscle (25) . The B1 agonists, i.e., [des-Arg9 ] bradykinin and [des-Arg10]lysyl-bradykinin, are the metabolites resulting from enzymatic removal of the C-terminal Arg residue from B2 agonists by Kininase I (CPM/N) (30) .
Bradykinin has also been implicated in the pathogenesis of bacterial infections. For example, it is well known that gram-negative bacteria activate the release of bradykinin and may be involved in microbial dissemination (31) . The B1 receptor is induced by infection through the pro-inflammatory activity of lipopolysacharide and cytokines such as TNF-α and IL-1β (31) . In addition, there is evidence of bradykinin release in patients with streptococcal toxic shock syndrome and Staphylococcus aureus bacteremia (32). These observations suggest that bradykinin mediated responses may cause hypovolemia and hypotension associated with the sepsis syndrome, being perhaps also relevant in the context of lethal T. cruzi infection (66).
THE KININ SYSTEM AND EXPERIMENTAL CHAGAS' DISEASE
Involvement of T. cruzi proteases in vascular permeability changes was initially explored by the topical application of activated cruzipain, the parasite`s major cysteine proteinase in the hamster cheek pouch model (39) . Active forms of cruzipain, but not the enzyme inactivated with the cysteine protease inhibitor E64, evoked a significant increase in microvascular leaks in post capillary venules. Of interest, this effect was partially inhibited by a histamine receptor (H1) blocker (39) .
Evidence linking T. cruzi infectivity to activation of the kinin system has emerged from the molecular studies of Scharfstein et al (13, 23) , which focused on the activation of pathways involved in host cell invasion by trypomastigotes. Prior to these observations, biochemical studies identified kininogens as natural substrates of cruzipain (33) , the major cysteine protease of T. cruzi (34) (35) (36) . Further investigations of the molecular mechanisms underlying the kinin-release activity of cruzipain indicated that the processing of high molecular weight kininogen (HK) is modulated by heparan sulfate proteoglycans (37) . This glycosaminoglycan is thought to serve as a dense platform for the docking of plasma borne-kininogens to endothelial cell surfaces (38) . Once released from surface-bound HK, the short-lived kinin peptide agonist liberated by cruzipain swiftly binds to the constitutive B2 kinin-receptor of endothelial cells (23) and cardiac myocytes (13) . By inducing vigorous increase in intracellular calcium concentration through this G-protein coupled receptor, the pathogen renders these cells increasingly susceptible to invasion (13, 23) . More recently, it has been shown that trypomastigotes were also able to invade endothelial cells more efficiently by stimulating B1, the receptor whose expression is up regulated during inflammation (13) . Interestingly, engagement of the B1 upregulated pathway depends on the co-factor activity a host carboxypeptidase, Kininase I (CMP/N), because this is the enzyme that removes the C-terminal Arg residue from the liberated B2-agonists, bradykinin or lysyl-bradykinin, forming the B1 agonists, desArg-kinins (30) . As previously mentioned, in vivo studies showed that host kininases such as the angiotensin-converting enzyme (ACE) and Kininase I likewise modulate the intensity of vascular responses which trypomastigotes stimulate through B2 and B1 kinin-receptors (13) .
Given that kinin receptors are expressed in the normal human heart (28). Scharfstein et al. (13, 23) have proposed that changes in kinin system homeostasis may alter the host-parasite relationship in the indeterminate stage of chagasic heart disease. Accordingly, dysfunctions and /or decreased expression levels of kinin-degrading enzymes in sites of infection may lead to excessive formation of kinins in cardiovascular tissues. This may in turn stimulate plasma leakage, hence intensifying inflammation and resulting in B1 kinin receptor upregulation by cardiovascular cells (13) . Parasites may thus take advantage of the host inflammatory response to invade cardiovascular cells more efficiently at expense of activation of the upregulated B1 pathway (13) (Figure 3 ). It ] activates those responses mediated by B2 and/or B1 kinin receptors which increase the endocytic uptake of trypomastigotes by host cells (eg. endothelial cells and cardiac myocytes). In addition, the triggering of endothelial kinin receptors induces plasma leakage and other vascular responses. Alterations in the expression levels of the various kininases may alter kinin homeostasis, exacerbating pathology in chronically infected myocardial tissues (13, 64) .
was further envisaged that the increased intracellular parasite burden that results from earlier engagement of host cell kinin-receptors can only be efficiently reduced at expense of vigorous activation of CD8+ T cells directed against parasite antigens (40), a process that in itself may produce myocardial inflammation and fibrosis (5) . Studies in mice with targeted deletion of B2 and B1 kinin receptor genes (41) are currently underway to evaluate if the kinin system may play a role in the pathogenesis of chronic Chagas' disease (Scharfstein and Tanowitz, unpublished observations).
ENDOTHELIN: GENERAL CONSIDERATIONS
The endothelin system is conserved in mammals, fish and invertebrates, indicating that it is important in different biological contexts. There are three isoforms of endothelin; endothelin-1 (ET-1), endothelin-2 (ET-2) and endothelin-3 (ET-3) (42, 43) .
ET-1 is a 21 amino acid peptide that has structural homology with sarafotoxin, a snake venom that induces myocardial infarction by exaggerated contraction of the cardiac vessels and interruption of the blood supply to the heart. The amino acid sequences of ET-1 from human, porcine, canine, rat, mouse and bovine are identical (42, 43) Endothelins are synthesized as high molecular weight peptide, e.g., prepro ET-1 is a 212-amino acid precursor molecule that is cleaved to form big ET-1, a 38-amino acid peptide (Figure 4) . The conversion of big ET-1 to ET-1 is essential for biological activity. Cleavage is mediated by a family of membrane bound zinc metalloproteases known as endothelin converting enzymes (ECE). ECE mRNA is distributed in many tissues, but the highest expression is found in the endothelium (44) . ECE can process big endothelin both intracellularly as well as on the cell surface. In several species, ECE exists in several isoforms (ECE-1, ECE-2).
Figure 4.
Proteolytic processing pathway for the conversion of preproendothelin to endothelin-1. The endothelin-1 system in mammalian cells. ET-1 is a 21 amino acid peptide formed by the action of endothelin converting enzyme (ECE) on big ET-1. We hypothesize, based on the current available data, that when the parasite infects a cell there is an activation of endothelin converting enzyme leading to an increase in the formation of ET-1. ET-1 in turn is bound to the ET A receptor on the surface of the underlying smooth muscle cell resulting in an increase in intracellular calcium causing vasoconstriction of the vessel.
ET-1 is synthesized by a variety of cells (42, 43) including cardiac myocytes, cardiac fibroblasts, neurons, endothelial cells, vascular smooth muscle cells, tracheal epithelium, hepatic sinusoids and Kupffer cells, mast cells, mucosal epithelium, macrophages, and inflammatory cells Secretion of ET-1 occurs in a polar fashion, with approximately 80% towards the abluminal side of the vessel (42, 43) . ET-2 is found in intestine and ET-3 in the lung, central nervous system and intestine. The generation of ET-1 is increased by changes in sheer stress of the vessel wall, hypoxia, and endotoxins. Secretion of ET-1 is stimulated by epinephrine angiotensin II, arginine vasopressin, TGF-β, thrombin, IL-1β and TNF-alpha. ET-1 mRNA expression is increased after the exposure of endothelial cells to growth factors, thrombin, cytokines, chemokines, norepinephrine and angiotensin II. The pulmonary vascular bed is an important location for plasma clearance of ET-1 (42,43), but both the kidney and the liver have been shown to participate in this process.
Although ET-1 was previously regarded solely as a vasoactive agent, it is now recognized that it is also involved in the inflammatory process. ET-1 primes neutrophils, stimulates neutrophils to release elastase and activates mast cells (45) . In addition, ET-1 stimulates monocytes to produce cytokines and upregulate the expression of vascular adhesion molecules. High levels of ET-1 are found in alveolar macrophages, leukocytes and fibroblasts (42, 43, 45) .
There are two G protein-coupled cell surface endothelin receptors that have been identified, ET A and ET B. As in the case of the kinin-receptors, they are members of the seven transmembrane helix family of proteins and are coupled to phospholipase-C. In vascular smooth muscle, an increase in intracellular calcium is a common feature occurring after activation of all receptor subtypes (Figure 4) . Upon binding of ET-1 to ET A , phospholipase-C is activated and inositol triphosphate is generated. Calcium is then released form intracellular stores accompanied by the influx of extracellular calcium and activation of the contractile machinery. The precise mechanism by which ET-1 affects intracellular calcium regulation is not fully understood. In that regard, it has been reported that ET-1 induces mitogen-activated protein kinases and c-fos expression, thus promoting smooth muscle cell and cardiac fibroblast proliferation (42, 43) . The activation of the transcription factor activator protein-1 (AP-1) contributes to the regulation of ET-1 production (43) . Moreover, components of the mitogen activated protein kinase pathway and ET-1 induce the expression of cyclin D1, which results in cellular proliferation (46) .
The endothelin receptors have been cloned and characterized. ET A is predominantly found on smooth muscle cells where it mediates vasoconstriction and proliferative responses, whereas, ET B receptors predominate on the low-pressure side of the circulation. ET B receptors are located on the surface of the endothelium, in fibroblasts and smooth muscle cells that are abundant in the brain and kidneys (41, 42) . Recently, it has been demonstrated that ET B receptors are antiproliferative in the injured artery (47) . The ET A receptor shows a higher affinity for ET-1 than for ET-2 and the lowest affinity for ET-3. The ET B receptor shows approximately equal affinity for each of the threeendothelin isoforms. ET-1 has several pharmacological actions in the cardiovascular system, which is mediated by the smooth muscle cell endothelin receptors.
The introduction of mice with various deletions of components of the endothelin system has provided important information regarding the pivotal role of ET-1 in normal embryonic development. For example, homozygous mice deficient in ET-1 (48), the ET A receptor (49) , and ECE (50) die soon after birth with craniofacial and cardiac abnormalities. ET B receptor deficient mice exhibit aganglionic megacolon (associated with coat color spotting), that resembles human Hirschsprung's disease (51) . Knockout of only one allele of the ET A or ET B gene significantly ameliorated the ET-1-mediated vasoconstriction in murine mesenteric and renal vascular bed (52).
ENDOTHELIN AND THE HEART
There is evidence that ET-1 contributes to local ischemia, hypertension, vasospasm and states of sustained vasoconstriction including malignant hypertension and congestive heart failure. Studies on the putative role for ET-1 in the modulation of cardiovascular structure have centered on the role of ET-1 in the induction of smooth muscle cell proliferation. For example, following balloon angioplasty, there is neointima formation with an increased tissue level of ET-1. This was reported to be associated with the induction of mRNAs for ET-1, ECE and the ET A receptor (53) . The administration of endothelin receptor antagonists or ECE inhibitors resulted in the reduction of neointima formation, suggesting a role for ET-1 in the pathogenesis of restenosis. ET-1 stimulates smooth muscle cell hypertrophy, protein synthesis and the incorporation of 3 [H] thymidine (54) . These effects of ET-1 are mediated, in part, by activation of the smooth muscle cell ET A receptor. Activation of this receptor results in the synthesis of types I and III collagen and a reduction in collagenase activity. Consequently, these observations could account for some of the vascular remodeling observed in cardiovascular diseases, perhaps including those observed in human Chagas` disease (2).
Both cardiac myocytes and endothelial cells synthesize ET-1. Locally produced ET-1 acts on cardiac myocytes in both an autocrine and/or paracrine manner, increasing the contractility of smooth muscle cells, and chronically induces myocardial hypertrophy and cardiac myocyte injury (42, 43) . ET-1 improves contractility in the failing heart, and upregulation of ET-1 may provide shortterm inotropic support for the failing myocardium. ET-1 production was increased in the myocardium of rats with congestive heart failure and was associated with the expression of the c-jun. In the setting of myocardial infarction, increased plasma ET-1 levels correlated with infarct size. In addition, levels of ET-1 correlate with the severity of congestive heart failure. In the various disease states, the increased ET-1 levels reflect both the degree of endothelial and myocardial cell damage, as well as a possible mechanism of myocardial damage. Treatment with an ET A receptor antagonist improved the survival of animals with congestive heart failure and was accompanied by improvement in both left ventricular dysfunction and ventricular remodeling suggesting that upregulation of ET-1 may be a potential target for therapeutic intervention in the treatment of congestive heart failure.
ENDOTHELIN IN OTHER DISEASE STATES
There is accumulating evidence that ET-1 contributes to the pathogenesis of bronchial asthma, pulmonary hypertension, diabetes mellitus, renal failure, gastric ulceration, cerebral vasospasm following subarachnoid hemorrhage, and migraine headaches (43, 43) . Elevated levels of ET-1 are observed in HIV infection and some cancers.
The role of ET-1 in the pathogenesis of infectious diseases has received increasing attention. For example, vascular endothelial cell damage is observed in bacterial sepsis that may be accompanied by elevated plasma levels of ET-1and resultant multi-organ failure. As a result of these observations, ET-1 has been implicated as a major contributor to the pathogenesis of septic shock (55, 56) . ET-1 has also been implicated in the pathogenesis of viral infections of the respiratory tract and the myocardium. In that regard, Ono et al (57) demonstrated that ET-1 contributed to myocardial injury in a murine model of viral myocarditis. They clearly demonstrated that infection with encephalomyocarditis virus resulted in elevated plasma levels of ET-1 and increased expression in the myocardium of mRNAs for prepro ET-1 and endothelin converting enzyme. Rickesttia infections, which are associated with a vasculitis, have also been reported to be associated with elevated ET-1 levels (58).
ENDOTHELIN IN CHAGAS' DISEASE
In order to provide a basis for the microvascular spasm observed in Chagas' disease the role of the potent vasoconstrictor was initially explored. T. cruzi infection of cultured endothelial cells resulted in an increased synthesis of ET-1 (18, 59) (Figure 4) . Bioassay studies were then performed using rat aortic rings that had been denuded of endothelial cells thus leaving smooth muscle cells and their ET A receptors intact. Exposure of these rat aortic rings to supernatants of infected endothelial cells elicited significant contractile responses. The increased aortic contractility was significantly attenuated by pre-treatment with the ET A subtype selective antagonist, BQ-123. In addition, incubation of endothelial cells with phosphoramidon, an inhibitor of ECE, prior to infection caused a significant decrease in ET-1 levels in the endothelial cell supernatant reduction in aortic contractility (18) . Among the factors known to activate ET-1 synthesis is the transcription factor, AP-1. In this regard, it is of interest to note that T. cruzi infection causes activation of AP-1 in the myocardium (60) .
The contribution of ET-1 in a model of acute murine T. cruzi infection was next examined. Petkova et al (8) found elevated plasma levels of ET-1, peaking at days 10-15 post infection. In addition, there was an increased expression of mRNAs for prepro ET-1, ECE and ET-1 in the myocardium at 15 and 30 days post infection. Immunohistochemistry studies employing an anti-ET-1 antibody revealed increased expression in vascular and endocardial endothelium in infected mice. Many of the parasitized and necrotic cardiac myocytes also stained with anti-ET-1 antibody. Cardiac myocytes, fibroblasts and inflammatory cells are capable of synthesizing ET-1. Therefore, the increase in ET-1 observed in the myocardium of infected mice is likely to have several sources. The increase in ET-1 may reflect damage to a variety of cell types found in the heart such as endothelial cells, cardiac myocytes and fibroblasts. In addition, an elevated ET-1 level provides a mechanism to explain, in part, the vascular spasm and ischemia observed as a consequence of this infection.
The role of ET-1 in T. cruzi infection was evaluated in mice in which the ET-1 gene was deleted from cardiac myocytes (KO). The extent of myocardial damage assessed during the chronic stage (150 days post infection) was similar in the KO mice and the wild type mice during the acute stage of infection. However, Trichrome staining revealed less fibrosis in the KO mice. In addition, there was significantly less remodeling in the KO mice as determined by cardiac MRI and echocardiography (61) . These observations suggested that pharmacological intervention using drugs targeted at components of the endothelin system would ameliorate the consequences of T. cruzi infection. Therefore, Jelicks et al (62) treated mice with phosphoramidon, which is an inhibitor of ECE as well as an inhibitor of neutral endopeptidases. They observed that when phosphoramidon was administered to infected mice for the first 14 days of infection there was a significant reduction in myocardial inflammation and fibrosis when evaluated during the chronic stage. In addition, cardiac magnetic resonance and echocardiography revealed that treatment resulted in a significant reversal of the structural and functional alterations that accompanied this infection. For example, cardiac magnetic resonance imaging of infected mice revealed that right ventricular dilation that was less severe in infected-treated with phosphoramidon. Phosphoramidon-treated CD1 mice survived the acute infection. Transthoracic echocardiography demonstrated left ventricular dilation and reduced percent fractional shortening and relative wall thickness. These alterations were significantly attenuated as a result of phosphoramidon treatment. These data indicate that interference with ET-1 synthesis ameliorates T. cruzi-induced cardiac remodeling.
Recently, Camargos et al (24) treated T. cruziinfected rats with an orally active ET A antagonist, BSF-461314. Interestingly, treatment in this rat model resulted in increased parasitemia and increased nests of pseudocysts in the heart. Nonetheless, pretreatment with BSF-46134 attenuated the infection-associated reduction in coronary blood flow confirming a role for ET-1 in vascular dysfunction in Chagas' disease. More recently, Salomone et al (63) reported that elevated levels of plasma ET-1 in patients with chronic chagasic cardiomyopathy. It is unclear if these elevations were due to infection per se or non-specific elevations as observed in congestive heart failure of other etiologies.
CONCLUSIONS
The etiology of chagasic cardiomyopathy remains a subject of controversy. However, there are now substantial amounts of data demonstrating that chagasic heart disease is, at least in part, a vasculopathy. This is based on observations indicating that both human and experimental infections cause a reduction in blood flow and an intense vasculitis. Bradykinin, a potent vasodilator, and ET-1 and thromboxaneA2, two potent vasoconstrictors, have been identified as factors that may contribute to the vasculopathy of chagasic heart disease. Therefore, study of the mechanisms underlying regulation of ET-1 and kinin function may provide new targets for development of adjunctive therapy for Chagas' disease.
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